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(54) Nonaqueous electrolytic secondary battery and method of manufacturing the same 



(57) In a nonaqueous electrolytic secondary battery 
according to the invention, hexagonal system lithium 
containing cobalt composite oxide having a crystallite 
size in a (110) vector direction of 1000A or more and 
having a halogen compound added thereto by burning 
at time of synthesis is used as a positive electrode active 
materia!. By measuring a pH value of a filtrate obtained 



by dispersing, in water, the lithium containing cobalt 
composite oxide having the halogen compound added 
thereto by the burning at time of the synthesis and a 
crystallite size in the (110) vector direction of 1000A or 
more, a value of 9.6 to 10.1 is obtained. By using the 
lithium containing cobalt composite oxide as a positive 
electrode active material, a high temperature cycle 
property can be enhanced. 
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SUMMARY OF THE INVENTION 



Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 ] The present invention relates to a nonaqueous 
electrolytic secondary battery comprising a positive 
electrode active material capable of intercalating and 
deintercalating a lithium ion, a negative electrode active 
material capable of intercalating and deintercalating the 
lithium ion, and a nonaqueous electrolyte, and a method 
of manufacturing the nonaqueous electrolytic second- 
ary battery. 

2. Description of the Related Art 

[0002] For a battery to be used in portable electronic 
and communicating equipment such as a small-sized 
video camera, a mobile telephone and a notebook per- 
sonal computer, recently, a nonaqueous electrolytic 
secondary battery having an alloy or a carbon material 
capable of intercalating and deintercalating a lithium ion 
as a negative electrode active material and lithium con- 
taining transition metal oxide, for example, lithium cobalt 
oxide (LiCo0 2 ), lithium nickel oxide (LiNi0 2 ) or lithium 
manganese oxide (LIMngO^ as a positive electrode ac- 
tive material has been put into practical use to be a bat- 
tery having a small size, a light weight and a high ca- 
pacity and capable of carrying out a charge and dis- 
charge. 

[0003] Since lithium nickel oxide (LiNi0 2 ) in the lithi- 
um containing transition metal oxide to be used for the 
positive electrode active material of the nonaqueous 
electrolytic secondary battery has a feature of a high ca- 
pacity and a drawback of a poor safety and a high ov- 
ervoltage, it is inferior to the lithium cobalt oxide. More- 
over, lithium manganese oxide (LiMngO*) has a rich 
source and is inexpensive, and has a drawback that an 
energy density is low and manganese itself is dissolved 
at a high temperature. Therefore, it is inferior to the lith- 
ium cobalt oxide. At the present time, accordingly, the 
use of the lithium cobalt oxide (LiCo0 2 ) to be the lithium 
containing transition metal oxide has been a main- 
stream. 

[0004] However, it h as been known that the lith ium co- 
balt oxide Is deteriorated by a charge and discharge. 
The degree of the deterioration is con-elated with the 
crystatlinity of the lithium cobalt oxide and is remarkable 
with a low crystallinity of the lithium cobalt oxide. Fur- 
thermore, if the crystallinity of the lithium cobalt oxide is 
low, lithium Is removed from the lithium cobalt oxide dur- 
ing charging so that an unstable state is set and oxygen 
is apt to be desoroed from the lithium cobalt oxide. For 
this reason, there is a problem in that the lithium cobalt 
oxide having a low crystallinity is not sufficient in respect 
of a thermal stability, resulting in a poor safety. 



[0005] It has been proposed that the physical proper- 
ties of cobalt oxide to be the raw material of the lithium 
$ cobalt oxide or synthesis conditions such as a burning 
temperature are made proper to increase the crystallite 
size of the lithium cobalt oxide, thereby enhancing a 
crystallinity and improving a thermal stability. In order to 
eliminate a reduction in a discharge voltage with an in- 
fo crease in the crystallite size, furthermore, there has 
been proposed that a part of cobalt is substituted for a 
heterogeneous element such as V, Cr, Fe, Mn, Ni, Al or 
Ti. In the lithium cobalt oxide in which a part of cobalt is 
substituted for the heterogeneous element and the crys- 
'5 tallite size is increased, oxygen is desorbed with difficul- 
ty during charging and the heterogeneous element is 
added so that an ion conducting property can be en- 
hanced to raise a discharge voltage. 
[0006] When the lithium cobalt oxide having a large 
crystallite size is used as an active material or lithium 
cobalt oxide obtained by substituting a part of cobalt of 
the active material for a heterogeneous element such 
as V, Cr, Fe, Mn, Ni, Al orTl is used as an active material, 
however, there is a problem in that the amount of gas 
generated in a battery is increased in a high temperature 
atmosphere (approximately 60°C to 1 00°C) so that a cy- 
cle property Is deteriorated, and furthermore, a deterio- 
ration in a battery property is increased due to the pres- 
ervation of a battery in a charging state. 
[0007] As a result of the detailed investigations of the 
physical properties of a positive electrode active mate- 
rial having a poor high temperature property by using 
an unused positive electrode active material, it has been 
found that a pH value of a filtrate taken by dispersing 
the positive electrode active material In water is in- 
creased in the positive electrode active material in which 
a cycle property is deteriorated at a high temperature, 
that is, the pH value of the filtrate of the positive elec- 
trode active material is correlated with the high temper- 
ature property. 

[0008] From the result of such an experiment, the In- 
ventors had a knowledge that if the pH value of the fil- 
trate of the positive electrode active material can be pre- 
vented from being Increased, the generation of gas can 
be suppressed so that the cycle property can be en- 
hanced at a high temperature and a deterioration can 
be suppressed during charging preservation. 
[0009] The invention has been made based on such 
a knowledge and has an object to provide a nonaqueous 
electrolytic secondary battery in which such a positive 
electrode active material as not to increase the pH value 
of a filtrate to suppress the generation of the gas In the 
battery, thereby enhancing the cycle property at a high 
temperature and suppressing a deterioration during 
charging preservation. 

[0010] In order to attain the object, an nonaqueous 
electrolytic secondary battery according to the invention 
uses, as a positive electrode active material, hexagonal 
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system lithium containing cobalt composite oxide hav- 
ing a crystallite size In a (11 0) vector direction of 1000A 
or more and having a halogen compound added thereto 
by burning at time of synthesis. By measuring the pH 
value of a filtrate obtained by dispersing, in water, lithium 
containing cobalt composite oxide having a crystallite 
size in the (110) vector direction of 1000A or more to 
which the halogen compound is added by burning at 
time of synthesis, a value of 9.6 to 10.1 was obtained. 
Without the addition of the halogen, a pH value of 10 or 
more was obtained. Thus, it has been found that the pH 
value of the filtrate is reduced by adding the halogen 
compound. Furthermore, it has been found that a high 
temperature cycle property can be enhanced by using 
the lithium containing cobalt composite oxide as a pos- 
itive electrode active material. 

[0011] The details of the effect of an enhancement in 
the high temperature cycle property are not clear. As a 
result of the investigations of the battery after the repe- 
tition of a charge and discharge cycle, it could be con- 
firmed that the amount of generation of the gas is re- 
duced In the battery. It can be supposed that the halogen 
added to the lithium containing cobalt composite oxide 
by the burning at time of the synthesis is mainly present 
on the surface of the positive electrode active material, 
that is, the particle surface of the lithium containing co- 
balt composite oxide and the presence of the halogen 
suppresses the elution of lithium to reduce the pH value 
. of the filtrate in dispersion water. Furthermore, it can be 
supposed that the particle surface of the lithium contain- 
ing cobalt composite oxide is stabilized by the addition 
of the halogen at time of the synthesis so that the de- 
composed gas of an electrolyte is decreased, resulting 
in an enhancement in the high temperature cycle prop- 
erty. 

[0012] In this case, if a content of the halogen to a 
mass of the positive electrode active material is less 
than 0.001 % by mass, the pH value of the filtrate having 
the positive electrode active material dispersed in the 
water is increased so that the high temperature cycle 
property is deteriorated. Moreover, if the content of the 
halogen to the mass of the positive electrode active ma- 
terial is more than 5.0% by mass, the amount of the ad- 
dition of the lithium containing cobalt composite oxide 
itself is decreased so that a capacity is reduced. For this 
reason, it is desirable that the content of the halogen to 
the mass of the positive electrode active material should 
be 0.001 % by mass to 5.0% by mass. Furthermore, it is 
desirable that the hexagonal system lithium containing 
cobalt composite oxide having a halogen compound 
added thereto by the burning at time of the synthesis 
should be lithium cobalt oxide to which the halogen com- 
pound is added. 

[001 3) Referring to lithium containing cobalt compos- 
ite oxide having a part of cobalt substituted for a heter- 
ogeneous element such as V, Cr, Fe, Mn, Ni, Al orTi, it 
has been found that a filtrate having the lithium contain- 
ing cobalt composite oxide dispersed in water has a pH 



value increased. Such cobalt composite oxide has a het- 
erogeneous element added thereto so that an ion con- 
ducting property can be enhanced to gain an excellent 
discharge property. 

5 [0014] Accordingly, when halogen is contained to be 
used as a positive electrode active material at time of 
the synthesis of lithium cobalt oxide having a part of co- 
balt substituted for at least one kind of heterogeneous 
element selected from V, Cr, Fe, Mn, Ni, Al and Ti and 

10 a molar ratio of the heterogeneous element to the cobalt 
of 0.0001 to 0.005, it is possible to obtain a nonaqueous 
electrolytic secondary battery in which a high tempera- 
ture cycle property is enhanced without damaging an 
excellent discharge property. Fluorine is desirable for 

is the halogen to be contained at time of the synthesis of 
the lithium containing cobalt composite oxide. 
[001 5] in order to obtain the positive electrode active 
material, preferably, there are provided the steps of mix- 
ing a first component having a lithium compound, a sec- 

20 ond component having a cobalt compound, and a third 
component having a halogen compound to obtain a 
3-component mixture and burning the 3-component 
mixture to have a crystallite size in a (110) vector direc- 
tion of 1000A or more. 

25 [001 6] Alternatively, there are preferably provided the 
steps of mixing a lithium compound, a cobalt compound 
substituted for at least one kind of heterogeneous ele- 
ment selected from V, Cr, Fe, Mn, Ni, Al and Ti, and a 
halogen compound to obtain a 3-component mixture 

30 and burning the 3-component mixture to have a crystal- 
lite size in a (110) vector direction of 1000A or more. 
[001 7] In this case, it is also possible to use a 4-com- 
pound mixture including a lithium compound, a cobalt 
compound, a compound such as oxide containing at. 

35 least one kind of element selected from V, Cr, Fe, Mn, 
Ni, Al and Ti and a halogen compound in place of the 
3-component mixture. 

[0018] Since the invention provides a nonaqueous 
electrolytic secondary battery in which a thermal stability 

40 is excellent and a safety is high, and a cycle property is 
enhanced at a high temperature and a deterioration is 
suppressed during charging preservation, there is a fea- 
ture in that a specific positive electrode active material 
is used. For a negative electrode material, a separator 

*5 material, a nonaqueous electrolytic material and a bind- 
er material, therefore, it is possible to use a well-known 
material. 



50 



55 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] 

Fig. 1 shows the results of measurement of pH val- 
ue of positive electrode active material in this inven- 
tion. 

Fig. 2 shows the results of thermal analysis of 

charged positive electrode in this invention. 

Fig. 3 shows the results of measurement of pH val- 
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ue of positive electrode active material from inves- 
tigation of lithium cobalt oxide substituted for heter- 
ogeneous element in this invention. 
Fig. 4 shows the results of thermal analysis of 
charged positive electrode from investigation of lith- 
ium cobalt oxide substituted for heterogeneous el- 
ement in this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0020] Next, an embodiment of the invention will be 
described below. 

1 . Formation of Positive Electrode Active Material 

(1) Example 1 

[0021] First of all, lithium carbonate (LfeCO^ was pre- 
pared as a starting material of a lithium source and tri- 
cobalt tetraoxide (CogO^ having a specific surface area 
of B.3 rr^/g was prepared as a starting material of a co- 
balt source, and they were then weighed such that a mo- 
lar ratio of lithium to cobalt is 1 : 1 , and furthermore, lith- 
ium fluoride (LiF) was added and mixed as a starting 
material of a halogen source. Subsequently, a mixture 
thus obtained was baked in the air (in this case, a burn- 
ing temperature (for example, 980°C) and a burning 
time (for example, 24 hours) were regulated such that 
a crystallite size in a (110) vector direction of a baked 
product thus obtained is 1 000 A or more). Thus, a baked 
product of fluorine containing lithium cobalt oxide 
(LICo0 2 ) was synthesized. Then, the baked product 
thus synthesized was ground to have an average parti- 
cle size of 10u.m so that a positive electrode active ma- 
terial a1 according to an example 1 was obtained. The 
positive electrode active material a1 thus obtained was 
analyzed by ion chromatography so that a content of the 
fluorine to a mass of the positive electrode active mate- 
rial was 0.05% by mass. The fluorine containing positive 
electrode active material a1 thus obtained was meas- 
ured by XRD (X-Ray Diffraction) and was found to be 
hexagonal system lithium cobalt oxide (LiCo0 2 ). By cal- 
culating a crystallite size using a Scheiler expression, a 
crystallite size in the (110) vector direction was 1045A. 

(2) Example 2 

[0022] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 
ample 1 except that lithium fluoride (LiF) was used as a 
starting material of a halogen source and was added to 
have a content of fluorine in 0.0007% by mass with re- 
spect to a mass of a positive electrode active material. 
Thus, a positive electrode active material b1 according 
to an example 2 was obtained. The fluorine containing 
positive electrode active material b1 thus obtained was 
hexagonal system lithium cobalt oxide (LiCo0 2 ) and a 



crystallite size in a (11 0) vector direction was 1030 A. 
(3) Example 3 

5 [0023] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 
ample 1 except that lithium fluoride (LiF) was used as a 
starting material of a halogen source and was added to 
have a content of fluorine in 0.001% by mass with re- 

10 spect to a mass of a positive electrode active material. 
Thus, a positive electrode active material d according 
to an example 3 was obtained. The fluorine containing 
positive electrode active material c1 thus obtained was 
hexagonal system lithium obalt oxide (LiCoOg) and a 

15 crystallite size in a (11 0) vector direction was 1 050 A. 

Example 4 

[0024] A fluorine containing positive electrode active 
20 material was formed in the same manner asjn the ex- 
ample 1 except that lithium fluoride (LiF) was used as a 
starting material of a halogen source and was added to 
have a content of fluorine in 5.0% by mass with respect 
to a mass of a positive electrode active material. Thus, 
25 a positive electrode active material d1 according to an 
example 4 was obtained. The fluorine containing posi- 
tive electrode active material d1 thus obtained was hex- 
agonal system lithium cobalt oxide (UCo0 2 ) and a crys- 
tallite size in a (110) vector direction was 1048 A. 

30 

(5) Example 5 

[0025] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 

35 ample 1 except that lithium fluoride (LiF) was used as a 
starting material of a halogen source and was added to 
have a content of fluorine in 7.0% by mass with respect 
to a mass of a positive electrode active material. Thus, 
a positive electrode active material e1 according to an 

40 example 5 was obtained. The fluorine containing posi- 
tive electrode active material e1 thus obtained was hex- 
agonal system lithium cobalt oxide (LiCo0 2 ) and a crys- 
tallite size in a (110) vector direction was 1053 A 

(6) Example 6 

[0026] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 
ample 1 except that lithium fluoride (LiF) was used as a 

50 starting material of a halogen source and was added to 
have a content of fluorine in 0.01 % by mass with respect 
to a mass of a positive electrode active material. Thus, 
a positive electrode active material f1 according to an 
example 6 was obtained. The fluorine containing posi- 

55 tive electrode active material f 1 thus obtained was hex- 
agonal system lithium cobalt oxide (LiCo0 2 ) and a crys- 
tallite size in a (110) vector direction was 1045 A. 
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[0027] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 
ample 1 except that lithium fluoride (LiF) was used as a 
starting material of a halogen source and was added to 
have a content of fluorine in 0.3% by mass with respect 
to a mass of a positive electrode active material. Thus, 
a positive electrode active material g1 according to an 
example 7 was obtained. The fluorine containing posi- 
tive electrode active material g1 thus obtained was hex- 
agonal system lithium cobalt oxide (LiCo0 2 ) and a crys- 
tallite size in a (110) vector direction was 1050 A. 

(8) Example 8 

[0028] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 
ample 1 except that lithium fluoride (LiF) was used as a 
starting material of a halogen source and was added to 
have a content of fluorine in 0.5% by mass with respect 
to a mass of a positive electrode active material. Thus, 
a positive electrode active material hi according to an 
example 8 was obtained. The fluorine containing posi- 
tive electrode active material hi thus obtained was hex- 
agonal system lithium cobalt oxide (LiCo0 2 ) and a crys- 
tallite size In a (11 0) vector direction was 1052 A. 

(9) Comparative Example 1 

[0029] A positive electrode active material was 
formed in the same manner as in the example 1 except 
that a halogen compound was not used. Thus, a positive 
electrode active material s1 according to a comparative 
example 1 was obtained. The positive electrode active 
material s1 thus obtained was hexagonal system lithium 
cobalt oxide (LiCo0 2 ) and a crystallite size in a (110) 
vector direction was 1 042A. 

(10) Comparative Example 2 

[0030] A fluorine containing positive electrode active 
material was formed in the same manner as in the ex- 
ample 1 except that tricobalt tetraoxide (Co 3 0 4 ) having 
a specific surface area of 0.9 m 2 /g was used for a start- 
ing material of a cobalt source. Thus, a positive elec- 
trode active material t1 according to a comparative ex- 
ample 2 was obtained. The fluoride containing positive 
electrode active material t1 thus obtained was hexago- 
nal system lithium cobalt oxide (LiCo0 2 ) and a crystallite 
size in a (110) vector direction was 700 A. 

(11) Reference Example 1 

[0031] First of all, lithium carbonate (Li 2 C0 3 ) to be a 
starting material of a lithium source and tricobalt tetraox- 
ide (Co 3 0 4 ) having a specific surface area of 0.9 rr^/g 
to be a starting material of a cobalt source were pre- 



pared, and were then weighed and mixed such that a 
molar ratio (Li/Co) of a lithium (Li) component of the lith- 
ium carbonate (L^CCy to a cobalt (Co) component of 
the tricobalt tetraoxide (CojjO^ is 1 . A mixture thus ob- 

5 tained was baked in the same manner as in the example 
1 and a baked product of LiCo0 2 was synthesized. The 
baked product thus synthesized was ground to have an 
average particle size of 10pm so that a positive elec- 
trode active material u1 according to a reference exam- 

fo pie 1 was obtained. The positive electrode active mate- 
rial u1 thus obtained was hexagonal system cobalt com- 
posite oxide (LiCo0 2 ) and a crystallite size in a (110) 
vector direction was 690A. 

15 2. Measurement of pH Value of Positive Electrode 
Active Material 

[0032] Then, each of the positive electrode active ma- . 
terials a1 , b1 , c1 , d1 , e1 , f1 , g1 , hi , s1 , t1 and u1 formed 

20 as described above was prepared in a weight of 2g and 
was put in a 200 ml beaker filled with ion-exchange wa- 
ter of 150 ml. Thereafter, a stirring bar was put in the 
beaker and the beaker was sealed with a film, and stir- ■ 
ring was then carried out for 30 minutes. Subsequently, 

25 each solution thus stirred was sucked and filtered 
through a membrane filter (manufactured by PTFE and 
having a pore size of 0.1 nm) and a filtrate was then 
measured by a pH meter comprising an ISFET (Ion-Se- 
lective Field Effect Transistor : a field effect transistor 

30 comprising a gate electrode having a sensitivity for a 
certain kind of ion in an electrolyte). Consequently, re- 
sults shown in the following Fig. 1 were obtained. 
[0033] From the results of the Fig. 1 , the following is 
apparent. By a comparison of the positive electrode ac- 

35 tive material u 1 having a crystallite size of 690A accord- 
ing to the reference example 1 with the positive elec- 
trode active material s1 having a crystallite size of 
1 042A according to the comparative example 1 , it is ap- 
parent that the positive electrode active material accord- 

40 ing to the reference example 1 has a pH value more re- 
duced. This implies that the pH value is increased when 
the crystallite size of lithium cobalt oxide (LiCo0 2 ) is in- 
creased. By a comparison of the positive electrode ac- 
tive materials a1 , b1 , c1 , d1 , e1 , f 1 , g1 and hi having a 

45 crystallite size of 1 000 A or more according to the exam- 
ples with the positive electrode active material s1 ac- 
cording to the comparative example 1 , moreover, It Is 
apparent that the positive electrode active materials a1 , 
b1 , c1 , d1 , e1 , f1 , g1 and hi according to the examples 

so have pH values more reduced. This implies that the pH 
value is reduced when fluorine is added during the burn- 
ing of the lithium cobalt oxide (LiCo0 2 ). 

3. Fabrication of Positive Electrode 

55 

[0034] Subsequently, the positive electrode active 
materials a1, b1, c1, d1, e1.f1.g1, hi, s1, t1 and u1 
formed as described above were used and 85 parts by 
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mass of each positive electrode acHve material, 1 0 parts 
by mass of carbon powder to be a conducting agent and 
5 parts by mass of polyfluorovinytldene (PVdF) powder 
to be a binder were mixed to prepare a positive electrode 
mixture. Then, the positive electrode mixture thus ob- s 
tained was mixed with N-methyl pyrrolidone (NMP) to 
prepare a positive electrode slurry. Thereafter, the pos- 
itive electrode slurry was applied to both surfaces of a 
positive electrode collector having a thickness of 20pm 
(an aluminum foil or an aluminum alloy foil) by a doctor fo 
blade method, thereby forming an active material layer 
on both surfaces of the positive electrode collector. The 
active material layer was dried, and was then rolled to 
have a predetermined thickness (for example, 1 70\wn) 
by using a compression roll and was cut to have a pre- *s 
determined dimension (for example, a width of 55 mm 
and a length of 500 mm). Thus, positive electrodes a, b, 
c, d, e, f, g, h, s, t and u were fabricated, respectively. 
[0035] The positive electrode active material al was 
used to form the positive electrode a, the positive elec- 20 
trode active material b1 was used to form the positive 
electrode b, the positive electrode active material c1 
was used to form the positive electrode c, the positive 
electrode active material d1 was used to form the posi- 
tive electrode d, the positive electrode active material 25' 
e1 was used to form the positive electrode e, the positive 
electrode active material f1 was used to form the posi- 
tive electrode f , the positive electrode active material g1 
was used to form the positive electrode g, the positive 
electrode active material h 1 was used to form the posi- 30 
tive electrode h, the positive electrode active material 
s1 was used to form the positive electrode s, the positive 
electrode active material t1 was used to form the posi- 
tive electrode t f and the positive electrode active mate- 
rial u1 was used to form the positive electrode u. 35 

4. Fabrication of Negative Electrode 

[0036] 95 parts by mass of natural graphite powder 
and 5 parts by mass of poryfluorovinylidene (PVdF) *o 
powder to be a binder were mixed and they were then 
mixed with N-methyl pyrrolidone (NMP) to prepare a 
negative electrode slurry. Thereafter, the negative elec- 
trode slurry thus obtained was applied to both surfaces 
of a negative electrode collector (copper foil) having a *s 
thickness of 18um by a doctor blade method, thereby 
forming an active material layer on both surfaces of the 
negative electrode collector. The active material layer 
was dried, and was then rolled to have a predetermined 
thickness (for example, 1 55um) by using a compression so 
roil and was cut to have a predetermined dimension (for 
example, a width of 57 mm and a length of 550 mm). 
Thus, a negative electrode was fabricated. 



5. Fabrication of Nonaqueous Electrolytic Secondary 
Battery 



55 



d, e, f, g, h, s, t and u fabricated as described above and 
the negative electrode fabricated as described above 
were used respectively to interpose a separator com- 
prising a fine porous film formed of polypropylene, and 
they were then wound spirally to form a spiral electrode 
group. They were inserted into cylindrical casing re- 
spectively and a collecting tab extended from each col- 
lector was welded to each terminal, and a nonaqueous 
electrolyte having 1 mol/liter of LiPF G dissolved therein 
was injected into an equivolume mixed solvent of ethyl- 
ene carbonate (EC) and diethyl carbonate (DEC). 
[0038] Then, a positive electrode cover was attached 
to an opening of the armoring can to be sealed, thereby 
fabricating a nonaqueous electrolytic secondary battery 
having a typical capacity of 1500 mAh. The positive 
electrode a was used to form a battery A, the positive 
electrode b was used to form a battery B, the positive 
electrode c was used to form a battery C, the positive 
electrode d was used to form a battery D, the positive 
electrode e was used to form a battery E, the positive 
electrode f was used to form a battery F, the positive 
electrode g was used to form a battery G, and the pos- 
itive electrode h was used to form a battery H. Moreover, 
the positive electrode s was used to form a battery S, 
the positive electrode t was used to form a battery T and 
the positive electrode u was used to form a battery U. 

6. Measurement of High Temperature Cycle Property 

[0039] Subsequently, the batteries A to H and S to U 
were used to carry out a charge with a constant charge 
current of 1500 mA (1 It : It is a numerical value repre- . 
sented by a typical capacity (mA) / 1h (time)) at 60°C 
until a battery voltage of 4.2 V could be obtained and to 
carry out the charge with a constant battery voltage of 
4.2 V until a final current of 30 mA could be obtained. 
Thereafter, a charge and discharge was carried out 
once such that the discharge was performed to obtain 
a battery voltage of 2.75 V with a discharge current of 
1500 mA (1 It), thereby calculating a discharge capacity 
(an initial capacity) after one cycle since a deintercalat- 
ing time. Consequently, results shown in the following 
Fig. 2 were obtained. 

[0040] Moreover, such a charge and discharge cycle 
was repeated 300 times and a discharge capacity was 
obtained after the 300 cycles. Subsequently, a dis- 
charge capacity obtained after the 300 cycles for a dis- 
charge capacity after one cycle was calculated as a ca- 
pacity retention rate (capacity retention rate (%) = (dis- 
charge capacity after 300 cycles / discharge capacity 
after 1 cycle) X 100) so that the results shown in the 
following Fig. 2 were obtained. Furthermore, an average 
discharge voltage for a first cycle was obtained as 
shown in the following Fig. 2. 

7. Thermal Analysis of Charged Positive Electrode 



[0037] Subsequently, the positive electrodes a, b, c, [0041] Subsequently, the batteries A to H and S to U 
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were charged with a constant charge current of 1500 
mA (1 It) at 25°C to obtain a battery voltage of 4.2 V and 
were then charged with a constant battery voltage of 4.2 
V to obtain a final current of 30 mA. Thereafter, each 
battery was decomposed in a dry box to take out a pos- s 
itive electrode, and the positive electrode was washed 
with dimethyl carbonate and was vacuum dried so that 
a test piece was obtained. By putting the test pieces in 
a thermogravimetry (TG) apparatus to raise a tempera- 
ture from a room temperature (approximately 25°C) to 10 
300°C, at a temperature rising speed of 5°C/min, a 
mass of each test piece before the temperature rise and 
a mass of each test piece after the temperature rise 
were measured and a mass decrease rate (TG mass 
decrease rate (%)) was obtained from the results of the 
measurement. Thus, the results shown In the following 
Fig. 2 were obtained. 

[0042] The decrease in the mass was caused by the 
desorption of oxygen in the positive electrode active ma- 
terial from the positive electrode active material with the 20 
rise in the temperature. In the case in which the amount 
of the desorption of the oxygen (the amount of the de- 
crease in the mass) is large, a thermal stability is low. 
In the case in which the positive electrode active mate- 
rial is used as an active material for a battery, a safety 25 
for a heat test in a charging state is deteriorated. 
[0043] As is apparent from the results of the Fig . 2, an 
excellent high temperature cycle property is obtained, 
in which the high temperature capacity retention rate af- 
ter 300 cycles of the battery S using a positive electrode 30 
active material having no lithium fluoride added thereto 
was reduced to 63%, while the high temperature capac- 
ity retention rates of the batteries A, B, C, D, E, F, G and 
H using a positive electrode active material having the 
lithium fluoride added thereto exceeds 80%. As a result 35 
of the investigations of each battery after the cycle prop- 
erty test, it was found that a large amount of gas is gen- 
erated in the battery S. 

[0044] By a comparison of the battery T using a pos- 
itive electrode active material having a crystallite size in *o 
a (110) vector direction of approximately 700A with the 
battery U, moreover, it was found that the high temper- 
ature retention rate after 300 cycles is low, for example, 
76% or 76% irrespective of the addition of the lithium 
fluoride, while trie amounts of generation of the gas from *s 
the batteries T and U are small. 
[0045] By a comparison of the battery T using a pos- 
itive electrode active material having a content of fluo- 
rine equal to 0.05% by mass and a crystallite size in a 
(110) vector direction of 700A with the battery A using so 
a positive electrode active material having a crystallite 
size In the (110) vector direction of 1045A, furthermore, 
it is apparent that the high temperature capacity reten- 
tion rate of the battery A is more enhanced. 
[0046] Moreover, it is apparent that the batteries A, B, 
C, D, E, F, G, H and S using a positive electrode active 
material having a crystallite size in a (110) vector direc- 
tion of 1000A or more have smaller TG mass decreases 
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than those of the batteries T and U using a positive elec- 
trode active material having a crystallite size in the (1 1 0) 
vector direction of approximately 700A. 
[0047] In consideration of the foregoing, it is prefera- 
ble that a positive electrode active material having a 
crystallite size in the (110) vector direction of 1000A or 
more and having lithium fluoride added thereto should 
be used because a battery having an excellent high tem- 
perature capacity retention rate, a small TG mass de- 
crease and a great thermal stability can be obtained. 
[0048] There was investigated the content of fluorine 
in a battery using a positive electrode active material 
having a crystallite size in the (110) vector direction of 
1000A or more and having the lithium fluoride added 
thereto. It is apparent that the high temperature capacity 
retention rate is reduced by using a positive electrode 
active material having the lithium fluoride added thereto 
such that the content of the fluorine is 0.0007% by mass 
as in the battery B. The reason is that a degree of a 
decrease in the pH value is reduced due to a decrease 
in the content of the fluorine, resulting in an increase in 
a deterioration in the high temperature cycle property. 
[0049] On the other hand, it is apparent that the initial 
capacity and the high temperature capacity retention 
rate are reduced when a positive electrode active ma- 
terial having the lithium fluoride added thereto is used 
such that the content of fluorine is 7.0% by mass as in 
the battery E. It can be supposed that lithium cobalt ox- 
ide to be used for a charge and discharge is relatively 
decreased if the content of the fluorine is increased. 
[0050] On the contrary, it is apparent that the initial 
capacity and the high temperature capacity retention 
rate are more enhanced with the use of a positive elec- 
trode active material having the lithium fluoride added 
thereto by burning at time of synthesis such that the con- 
tent of the fluorine is 0.001 to 5.0% by mass, as in the 
batteries A, C, D, F, G and H. 

[0051 ] From the foregoing, it is preferable that the lith- 
ium fluoride should be added to the lithium cobalt oxide 
to have a content of the fluorine of 0.001 to 5.0% by 
mass and should be baked to have a crystallite size in 
a (1 1 0) vector direction of 1 000 A or more. Apparently, it 
is more preferable that an average discharge voltage 
and a high temperature cycle capacity retention rate can 
be more enhanced by adding the lithium fluoride to have 
a content of the fluorine of 0.01 to 0.3% by mass and 
burning them to have a crystallite size In the (110) vector 
direction of 1000A or more. 

8. Investigation of Lithium Cobalt Oxide substituted for 
Heterogeneous Element 

[0052] Subsequently, investigations were given to a 
high temperature cycle property in the case in which a 
heterogeneous element was added to lithium cobalt ox- 
ide and a part of cobalt was substituted for the hetero- 
geneous 

[0053] element. 
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[0054] Firstof all, lithium carbonate (LI2CO3) was pre- 
pared as a starting material of a lithium source and tri- 
cobalt tetraoxide (Co 0 g^T^ .001)304 substituted for tita- 
nium (Ti) to be a heterogeneous element (a content of 
titanium was 0.999 : 0.001 in a molar ratio of cobalt to 
titanium) was prepared as a starting material of a cobalt 
source, and furthermore, lithium fluoride (LiF) was pre- 
pared as a starting material of a halogen source. The 
tricobalt tetraoxide (COo.gggTiooo^O^ substituted for 
the titanium (Ti) was obtained by precipitating, as com- 
posite hydroxide, cobalt and titanium which are dis- 
solved in an acid solution and calcining them at 300°C. 
[0055] Then, weighing and mixing were carried out 
such that a molar ratio (Li / Co + Ti) of a lithium (Li) com- 
ponent of lithium carbonate (LijCOg) to a sum (Co + TI) 
of a cobalt component and a titanium component in the 
tricobalt tetraoxide (Co 0 .999Ti 0 001 ) 3 O 4 having a part of 
cobalt substituted for titanium (Ti) was 1 , and lithium flu- 
oride (LiF) was added and mixed with them such that a 
content of fluorine was 0.05% by mass with respect to 
the mass of a positive electrode active material. 
[0056] Subsequently, a mixture thus obtained was 
baked in the same manner as in the example 1 (also in 
this case, a burning temperature and a burning time 
were regulated such that a crystallite size in a (1 1 0) vec- 
tor direction of a baked product thus obtained was 
1000A or more) and was ground to have an average 
particle size of 1 0|om so that a positive electrode active 
material il according to an example 9 was obtained. The 
positive electrode active material i1 containing fluorine 
thus obtained was hexagonal system lithium cobalt ox- 
ide (LiCo 0 999Ti 0 .001 °2) having a part of cobalt substitut- 
ed for titanium and a crystallite size in a (110) vector 
direction was 1 050A. 



as in the example 9 except that tricobalt tetraoxide 
( Co o.995 T? o.oo5)3°4 substituted for titanium to have a 
content of titanium in a molar ratio of cobalt to titanium 
of 0.995 : 0.005 was used as a starting material of a co- 

s bait source and lithium fluoride (LiF) was used as a start- 
ing material of a halogen source to have a content of 
fluorine of 0.05% by mass, and was then baked in the 
same manner as in the example 9 to synthesize lithium 
cobalt oxide (LiCo 0 9g 5 T]o oo5°2) containing fluorine and 

10 having a part of cobalt substituted for titanium. The mix- 
ture was ground to have an average particle size of 
1 Oum so that a positive electrode active material k1 ac- 
cording to an example 11 was obtained. The positive 
electrode active material k1 containing chlorine thus ob- 

15 tained was hexagonal system lithium cobalt oxide 
(LiCo 0 995*00 005O2) having a part of cobalt substituted 
for titanium and a crystallite size in a (11 0) vector direc- 
tion was 1 032 A. 

2Q (4) Example 12 

[0059] A mixture was obtained In the same manner 
as in the example 9 except that lithium fluoride (LiF) was 
used as a starting material of a halogen source to have 

25 a content of fluorine of 0.0007% by mass, and was then 
baked in the same manner as in the example 9 to syn- 
thesize lithium cobalt oxide (LiCo 0 999 Tl 0 001 O 2 ) contain- 
ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 

30 particle size of 1 0 um so that a positive electrode active 
material 11 according to an example 12 was obtained. 
The positive electrode active material 11 containing chlo- 
rine thus obtained was hexagonal system lithium cobalt 
oxide (LiCo 0 999 T! 0 001 O 2 ) having a part of cobalt substi- 

35 tuted for titanium and a crystallite size in a (1 1 0) vector 
direction was 1052A. 



(2) Example 1 0 

[0057] A mixture was obtained in the same manner 
as in the example 9 except that lithium chloride (LiCI) 
was used as a starting material of a halogen source to 
have a content of chlorine of 0.05% by mass, and was 
then baked in the same manner as In the example 9 to 
synthesize lithium cobalt oxide (LiCo 0 ^TIq .001 °2) con- 
taining chlorine and having a part of cobalt substituted 
for titanium. The mixture was ground to have an average 
particle size of 1 0 um so that a positive electrode active 
material j1 according to an example 10 was obtained. 
The positive electrode active material j1 containing chlo- 
rine thus obtained was hexagonal system lithium cobalt 
oxide (LICo 0 999Tb Q^Og) having a part of cobalt substi- 
tuted for titanium and a crystallite size in a (110) vector 
direction was 1047A. 

(3) Example 11 



(5) Example 13 

[0060] A mixture was obtained in the same manner 
as in the example 9 except that lithium fluoride (LiF) was 
used as a starting material of a halogen source to have 
a content of fluorine of 0,001% by mass, and was then 
baked In the same manner as in the example 9 to syn- 
thesize lithium cobalt oxide (LiCo 0999 Ti 0001 O2) contain- 
ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 
particle size of 1 0 um so that a positive electrode active 
material ml according to an example 13 was obtained. 
The positive electrode active material ml containing 
chlorine thus obtained was- lithium cobalt oxide 
(LICOq 99gTig qq 1 0 z ) containing hexagonal system fluo- 
rine and having a part of cobalt substituted for titanium 
and a crystallite size in a (110) vector direction was 
1051A. 



45 
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[0058] A mixture was obtained in the same manner 
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[0061] A mixture was obtained in the same manner 
as in the example 9 except that lithium fluoride (LiF) was 
used as a starting material of a halogen source to have 
a content of fluorine of 5.0% by mass, and was then 
baked in the same manner as in the example 9 to syn- 
thesize lithium cobalt oxide (LiCo 0 .999^ i0 oi°2) contain- 
ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 
particle size of 1 0 u.m so that a positive electrode active 
material n1 according to an example 14 was obtained. 
The positive electrode active material n1 containing flu- 
orine thus obtained was hexagonal system lithium co- 
balt oxide (LiCo 0 999 Ti 0 001 O 2 ) having a part of cobalt 
substituted for titanium and a crystallite size in a (110) 
vector direction was 1040A. 

(7) Example 15 

[0062] A mixture was obtained in the same manner 
as In the example 9 except that lithium fluoride (LiF) was 
used as a starting material of a halogen source to have 
a content of fluorine of 7.0% by mass, and was then 
baked in the same manner as in the example 9 to syn- 
thesize lithium cobalt oxide (LiCo 0 .999^ ooi°2) contain- 
ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 
particle size of 1 0 nm so that a positive electrode active 
material o1 according to an example 15 was obtained. 
The positive electrode active material o1 containing flu- 
orine thus obtained was hexagonal system lithium co- 
balt oxide (LiCo 0999 7i 00O1 O 2 ) having a part of cobalt 
substituted for titanium and a crystallite size in a (110) 
vector direction was 1 042 A. 

(8) Example 16 

[0063] A mixture was obtained in the same manner 
as in the example 9 except that lithium fluoride (LiF) was 
used as a starting material of a halogen source to have 
a content of fluorine of 0.01% by mass, and was then 
baked in the same manner as in the example 9 to syn- 
thesize lithium cobalt oxide (LiCo 0 gggTio ooi0 2 ) contain- 
ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 
particle size of 1 0 u.m so that a positive electrode active 
material p1 according to an example 16 was obtained. 
The positive electrode active material p1 containing 
chlorine thus obtained was hexagonal system lithium 
cobalt oxide (LiCo 0 .999^ .001 °2> having a part of cobalt 
substituted for titanium and a crystallite size In a (110) 
vector direction was 1 048A. 

(9) Example 1 7 

[0064] A mixture was obtained in the same manner 
as in the example 9 except that lithium fluoride (LiF) was 



used as a starting material of a halogen source to have 
a content of fluorine of 0.3% by mass, and was then 
baked in the same manner as in the example 9 to syn- 
thesize lithium cobalt oxide (LiCo 0 999 Ti 0 001 O 2 ) contain- 

s ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 
particle size of 1 0 urn so that a positive electrode active 
material q1 according to an example 17 was obtained. 
The positive electrode active material q1 containing flu- 

10 orine thus obtained was hexagonal system lithium co- 
balt oxide (LiCo 0999 Ti 0 00^2) having a part of cobalt 
substituted for titanium and a crystallite size in a (110) 
vector direction was 1 047A. 

15 (10) Example 18 

[0065] A mixture was obtained in the same manner 
as in the example 9 except that lithium fluoride (LiF) was 
used as a starting material of a halogen source to have 

20 a content of fluorine of 0.5% by mass, and was then 
baked in the same manner as in the example 9 to syn : 
theslze lithium cobalt oxide (LiCo 0 999 Tl 0 001 O 2 ) contain- 
ing fluorine and having a part of cobalt substituted for 
titanium. The mixture was ground to have an average 

25 particle size of 1 0 ^m so that a positive electrode active 
material r1 according to an example 18 was obtained. 
The positive electrode active material r1 containing flu- 
orine thus obtained was hexagonal system lithium co- 
baft oxide (UCo O999 Ti 0001 O 2 ) having a part of cobalt 

30 substituted for titanium and a crystallite size in a (110) 
vector direction was 1043A. 

(11) Comparative Example 3 

35 [0066] A mixture was obtained in the same manner 
as in the example 9 except that a halogen compound 
was not used, and was then baked in the same manner 
as in the example 9 to synthesize lithium cobalt oxide 
(LiCo 0 g^gTiQ 001 02) having a part of cobalt substituted 

40 for titanium. The mixture was ground to have an average 
particle size of 10um so that a positive electrode active 
material v1 according to a comparative example 3 was 
obtained. The positive electrode active material v1 thus 
obtained was hexagonal system cobalt composite oxide 

45 (L i Co 0 .999TI0 .00 1 0 2 ) havin 9 a P art of cobalt substituted 
for titanium and a crystallite size in a (11 0) vector direc- 
tion was 1 030 A. 



(1 2) Comparative Example 4 



50 



[0067] A mixture was obtained in the same manner 
as In the example 9 except that tricobalt tetraoxide 
( Co o.995 Ti o.oo5)3°4 substituted for titanium to have a 
content of titanium in a molar ratio of cobalt to titanium 
55 of 0.995 : 0.005 was used as a starting material of a co- 
balt source and a halogen compound was not used, and 
was then baked in the same manner as in the example 
9 to synthesize lithium cobalt oxide (LiCo 0 99 5 Ti 0 oos0 2 ) 
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having a part of cobalt substitutecTTor titanium. The mix- 
ture was ground to have an average particle size of 
1 0um so that a positive electrode active material w1 ac- 
cording to a comparative example 4 was obtained. The 
positive electrode active material w1 thus obtained was s 
hexagonal system cobalt composite oxide 
(LiCo 0 995 Ti 0 00502) having a part of cobalt substituted 
for titanium and a crystallite size in a (11 0) vector direc- 
tion was 1010A. 

10 

(13) Comparative Example 5 

[0068] Lithium carbonate (Li 2 C0 3 ) to be a starting 
material of a lithium source, manganese dioxide (Mn0 2 ) 
to be a starting material of a manganese source and is 
chromium oxide (0r 2 O^) to be a chromium source were 
prepared respectively, and were then weighed and 
mixed such that a molar ratio of lithium, manganese and 
chromium was 1.04 : 1.86 : 0.1 , and furthermore, lithium 
fluoride (LiF) was added and mixed with them to have 20 
a content of fluorine of 0.05% by mass. 
[0069] Subsequently, a mixture thus obtained was 
baked in the air for 20 hours at 800°C to synthesize a 
baked product of Li 1 >0 4 Mn i .66 Cr o i°4- Then, the baked 
product thus synthesized was ground to have an aver- 25 
age particle size of 1 0um Consequently, a positive elec- 
trode active material x1 according to a comparative ex- 
ample 5 was obtained. The positive electrode active ma- 
terial x1 containing fluorine thus obtained was manga- 
nese composite oxide having a spinel structure. 30 

(14) Comparative Example 6 

[0070] A mixture was obtained in the same manner 
as In the example 9 except that a halogen compound 35 
was not used, and was then baked in the same manner 
as in the example 9 to synthesize a baked product of 
lithium cobalt oxide (LiCo 0 .999Ti 0 .001 0 2 ) having a part of 
cobalt substituted for titanium. Subsequently, 5.0% by 
mass of lithium fluoride (LiF) was added to the baked *o 
product thus synthesized and was then heat treated for 
five hours at 350°C, and LiCo 0 .999^0 001 °2 was caused 
to contain fluorine and was ground to have an average 
particle size of 10um so that a positive electrode active 
material y1 according to a comparative example 6 was 45 
obtained. The positive electrode active material y1 con- 
taining fluorine thus obtained was hexagonal system co- 
balt composite oxide (LiCo 0 999T10 qoi°2) having a part 
of cobalt substituted for titanium and a crystallite size in 
a (1 1 0) vector direction was 1 04oA. so 

(15) Reference Example 2 

[0071] A baked product of Li 1 04 Mn 1 QgCro was 
synthesized in the same manner as in the comparative 55 
example 5 except that lithium fluoride was not added at 
time of synthesis. Then, the baked product thus synthe- 
sized was ground to have an average particle size of 



10u.m so that a positive active material z1 according to 
a reference example 2 was obtained. The positive elec- 
trode active material z1 thus obtained was manganese 
composite oxide having a spinel structure. 
[0072] By using the positive electrode active materials 
i1 to r1 and v1 to z1 fabricated as described above, sub- 
sequently, the pH values of the positive electrode active 
materials were measured in the same manner as de- 
scribed above. Consequently, results shown in the fol- 
lowing Fig. 3 were obtained. 

[0073] The following is apparent from the results of 
the Fig. 3. More specifically, it is apparent that the pos- 
itive electrode active materials v1 and w1 according to 
the comparative examples 3 and 4 which have a part of 
cobalt substituted forTt to be a heterogeneous element 
have pH values more increased than those of the posi- 
tive electrode active material s1 (see the Fig. 1 ) accord- 
ing to the comparative example 1 . This implies that the 
pH value is increased if a part of cobalt of lithium cobalt 
oxide (LiCo0 2 ) is substituted for a heterogeneous ele- 
ment. 

[0074] By a comparison of the positive electrode ac- 
tive material y1 according to the comparative example 
6 to which fluorine is added after the lithium cobalt oxide 
(LiCo 0 999Tio ooi°2) substituted for Ti to be the hetero- 
geneous element is synthesized with the positive elec- 
trode active material 11 according to the example 9 
which contains the fluorine at time of the synthesis, 
moreover, it is apparent that the positive electrode active 
material 11 has a smaller pH value. The reason is that 
the state of presence of the fluorine is changed when 
the fluorine is added after the synthesis. This implies 
that the pH value is more reduced by the addition of the 
fluorine at time of the synthesis of the lithium cobalt ox- 
ide (LiCoo gggTio having a part of cobalt substitut- 
ed for titanium than the addition of the fluorine after the 
synthesis of the lithium cobalt oxide (LiCo 0 .&9g"n 0 .ooi 0 2> 
having a part of cobalt substituted for titanium. 
[0075] It is apparent that the positive electrode active 
material x1 according to the comparative example 5 
which Is obtained by adding lithium fluoride to spinel 
type lithium manganese oxide (Li*, o^n., 86 Cr o.i°4) 
substituted for Crto be a heterogeneous element has a 
pH value which is equal to the pH value of the positive 
electrode active material z1 according to the reference 
example 2 having no fluorine added thereto and is not 
reduced even If the fluorine Is added. Accordingly, ft is 
supposed that the spinel type lithium manganese oxide 
and the lithium cobalt oxide have different effects of con- 
taining the fluorine. 

[0076] By using the positive electrode active materi- 
als, subsequently, a positive electrode I (using the pos- 
itive electrode active material i1), a positive electrode j 
(using the positive electrode active material j1), a posi- 
tive electrode k (using a positive electrode active mate- 
rial k1 ), a positive electrode I (using a positive electrode 
active material 11), a positive electrode m (using a pos- 
itive electrode active material ml), a positive electrode 
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n (using a positive electrode ac^re material n1), a pos- 
itive electrode o (using a positive electrode active ma- 
terial o1 ) p a positive electrode p (using a positive elec- 
trode active material p1 ), a positive electrode q (using 
a positive electrode active material q1) and a positive s 
electrode r (using a positive electrode active material r1 ) 
were fabricated respectively in the same manner as de- 
scribed above. Moreover, a positive electrode v (using 
the positive electrode active material v1), a positive 
electrode w (using the positive electrode active material 10 
w1), a positive electrode x (using the positive electrode 
active material x1 ), a positive electrode y (using the pos- 
itive electrode active material y1) and a positive elec- 
trode z (using the positive electrode active material z1) 
were fabricated, respectively. 15 
[0077] By using the positive electrodes, then, non- 
aqueous electrolytic secondary batteries I (using the 
positive electrode i), J (using the positive electrode j), K 
(using the positive electrode k), L (using the positive 
electrode 1), M (using the positive electrode m), N (using 20 
the positive electrode n), O (using the positive electrode 
o), P (using the positive electrode p), Q (using the pos- 
itive electrode q), R (using the positive electrode r), V 
(using the positive electrode v), W (using the positive 
• electrode w), X (using the positive electrode x), Y (using 25 
the positive electrode y) and 2 (using the positive elec- 
trode z) were fabricated respectively In the same man- 
ner as described above. By using the batteries I to R 
and V to Z, thereafter, a discharge capacity (an initial 
capacity) after one cycle, a capacity retention rate after so 
300 cycles , an average discharge voltage f or a f i rst cycle 
and a TG mass decrease rate were calculated in the 
same manner as described above so that results shown 
in the following Fig. 4 were obtained. 

[0078] As is apparent from the results of the Fig. 4, an 35 
excellent high temperature cycle property can be ob- 
tained, in which the high temperature capacity retention 
rates after 300 cycles of the batteries V, W, X and Z using 
the positive electrode active material having a part of 
cobalt substituted for Ti to be a heterogeneous element *o 
and having no lithium fluoride added thereto were great- 
ly reduced at the level of 50%, while the high tempera- 
ture capacity retention rates of the batteries I, J, K, L, 
M, N, O, P, Q and R using the positive electrode active 
material having a part of cobalt substituted for Tl to be 45 
a heterogeneous element and having lithium fluoride or 
lithium chloride added thereto are more than 80%. 
[0079] Moreover, it is apparent that the batteries I, J, 
K, L, M, N, O, P, Q and R using the positive electrode 
active material having a part of cobalt substituted for Ti so 
to be a heterogeneous element have higher average 
discharge voltages than those of the batteries A, B, C, 
D, E, F, G and H (see the Fig. 2) using a positive elec- 
trode active material which is not substituted for a het- 
erogeneous element. The reason is that a part of cobalt 
is substituted for the heterogeneous element, resulting 
in an enhancement in the ion conducting property of the 
positive electrode active material. 
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[0080] Consequently, a part of cobalt is substituted for 
the heterogeneous element and a halogen compound 
such as lithium fluoride or lithium chloride is added. 
Thus, it is possible to obtain a nonaqueous electrolytic 
secondary battery which is excellent in an average dis- 
charge voltage and a capacity retention rate. 
[0081] Investigations will be given to the amount of 
halogen to be added to the positive electrode active ma- 
terial having a part of cobalt substituted for the hetero- 
geneous element. It is apparent that the high tempera- 
ture capacity retention rate is reduced by using the pos- 
itive electrode active material having lithium fluoride 
added thereto such that the content of fluorine is 
0.0007% by mass as in the battery L. The reason is that 
the degree of the reduction in the pH value is decreased 
and a deterioration in the high temperature cycle prop- 
erty is increased if the content of the fluorine is de- 
creased. 

[0082] On the other hand, it is apparent that the initial 
capacity and the high temperature capacity retention 
rate are reduced by using the positive electrode active 
material having the lithium fluoride added thereto such 
that the content of the fluorine is 7.0% by mass as in the 
battery O. The reason is that lithium cobalt oxide to be 
used for a charge and discharge is relatively decreased 
if the content of the fluorine is too increased. 
[0083] On the contrary, it is apparent that the Initial 
capacity and the high temperature capacity retention 
rate are more enhanced than those in the batteries L 
and O by using the positive electrode active material 
having lithium fluoride or lithium chloride added thereto 
such that the content of the fluorine is 0.001 to 5.0% by 
mass as in the batteries I, J, K, M, N, P, Q and R. 
[0084] From the foregoing, it is preferable that the lith- 
ium fluoride. or the lithium chloride should be added to 
the lithium cobalt oxide having a part of cobalt substitut- 
ed for a heterogeneous element such that the content 
of fluorine is 0.001 to 5.0% by mass and they should be 
baked to have a crystallite size in a ( 1 1 0) vector direction 
of 1 000A or more. Furthermore, it is more preferable that 
the lithium fluoride should be added to have a content 
of the fluorine of 0.01 to 0.3% by mass and they should 
be baked to have a crystallite size in the (110) vector 
direction of 1 000A or more, resulting in an enhancement 
in the average discharge voltage and the high temper- 
ature cycle capacity retention rate. 
[0085] Furthermore, investigations will be given to the 
difference in a type of halogen. By a comparison of the 
initial capacities and the high temperature capacity re- 
tention rates of the batteries I and J in which lithium co- 
balt oxide (LiCo 0 999 Ti 0 00^2) including a part of cobalt 
substituted for Ti to be the heterogeneous element has 
an equal content of halogen, it is apparent that the bat- 
tery J containing chlorine should maintain a large initial 
capacity and a great high temperature capacity reten- 
tion rate which are slightly lower than those of the battery 
I containing fluorine. 

[0086] Consequently, ft is preferable that the lithium 
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cobalt oxide (LiCo 0 .999^ .001 °2) including a part of co- 
balt substituted for a heterogeneous element should be 
caused to contain halogen irrespective of the type of hal- 
ogen. Even if another halogen such as bromine (Br), io- 
dine (I) or astatine (At) Is used in addition to fluorine and 
chlorine, the same effects can be obtained. 
[0087] By a comparison of the battery X using the pos- 
itive electrode active material according to the compar- 
ative example 5 in which the lithium fluoride is added to 
the spinel type lithium manganese oxide 
(U, 04 Mn 1 86 Cr o i°4> having a part of manganese sub- 
stituted for Cr to be a heterogeneous element with the 
battery Z using the positive electrode active material ac- 
cording to the reference example 2 to which the fluorine 
is not added, it is apparent that the high temperature 
cycle propertys are not enhanced at a capacity retention 
rate of 50% after 300 cycles. Accordingly, it is clear that 
the spinel type lithium manganese oxide and the lithium 
cobalt oxide have different effects from each other and 
the capacity retention rate cannot be enhanced even if 
the spinel type lithium manganese oxide contains fluo- 
rine. 

[0088] As described above, in the invention, the syn- 
thesis conditions are optimized and the halogen com- 
pound is added at time of the synthesis of the hexagonal 
system lithium containing cobalt oxide having a crystal- 
lite size In the (110) direction of 1000A. Therefore, It is 
possible to obtain a nonaqueous electrolytic secondary 
battery having small deterioration in the high tempera- 
ture cycle property and the capacity. 
[0089] While the example in which titanium (Ti) is 
used as the heterogeneous element for substituting a 
part of cobalt of the hexagonal system lithium containing 
cobalt oxide has been described in the embodiment, the 
heterogeneous element for substituting a part of the co- 
balt of the hexagonal system lithium containing cobalt 
oxide may be selected from vanadium (V), chromium 
(Cr), iron (Fe), manganese (Mn), nickel (Ni) and alumi- 
num (Al). 

[0090] While the example in which the 3-component 
mixture mixing a first component comprising a lithium 
compound, a second compound comprising cobalt com- 
posite oxide having a part of cobalt substituted for Ti to 
be the heterogeneous metal, and a third component 
comprising a halogen compound is baked to form the 
hexagonal system lithium containing cobalt oxide hav- 
ing a part of cobalt substituted for the heterogeneous 
element has been described in the embodiment, it is al- 
so possible to form the hexagonal system lithium con- 
taining cobalt oxide having a part of cobalt substituted 
for the heterogeneous element by burning a 4-com- 
pound mixture mixing a first component comprising a 
lithium compound, a second component comprising a 
cobalt compound such as cobalt oxide, a third compo- 
nent comprising a compound such as oxide containing 
at least one kind of element selected from V, Cr, Fe, Mn, 
Ni, Al and Ti, and a fourth component comprising a hal- 
ogen compound when forming the hexagonal system 



lithium containing cobalt oxide having a part of cobalt 
substituted for the heterogeneous element. 
[0091] For the negative electrode active material, 
moreover, it is also possible to use a carbon based ma- 

s teriai capable of intercalating and deintercalating a lith- 
ium ion, for example, carbon black, coke, glassy carbon, 
carbon fiber ortheir baked products in addition to natural 
graphite or to use metal oxide In which the electric po- 
tential of metal lithium, a lithium alloy such as a lithium 

10 - aluminum alloy, a lithium - lead alloy or a lithium - tin 
alloy, Sn0 2 , SnO, Ti0 2 or Nb 2 0 3 is lower than that of 
the positive electrode active material. 
[0092] For the mixed solvent, furthermore, it is also 
possible to use an aprotic solvent having no capability 

is to supply a hydrogen ion in addition to a mixture ob- 
tained by mixing diethyl carbonate (DEC) with the eth- 
ylene carbonate (EC) and to use an organic solvent 
such as propylene carbonate (PC), vinylene carbonate 
(VC) or butylene carbonate (BC), and a mixed solvent 

20 obtained by mixing them with a low boiling point solvent 
such as dimethyl carbonate (DMC), ethyl methyl car- 
bonate (EMC), 1 ,2-diethoxyethane (DEE), 1,2-dimeth- 
oxyethane(DME)orethoxy methoxy ethane (EME). For 
a solute to be dissolved in these solvents, moreover, it 

25 is also possible to use LiBF 4 , LiCF 3 S0 3 , LiAsF 6 , LiN 
(CF 3 S0 2 ) 2 . LiC(CF 3 S0 2 ) 3 and LiCF 3 (CF 2 ) 3 S0 3 in ad- 
dition to UPF 6 . Furthermore, It is also possible to use 
an electrolyte such as a polymer electrolyte, a gel-like 
electroiyte obtained by impregnating a nonaqueous 

30 electrolyte in polymer or a solid electrolyte without de- 
parting from the scope of the invention. 



Claims 

1 . A nonaqueous electrolytic secondary battery com- 
prising a positive electrode active material capable 
of intercalating and deintercalating a lithium ion, a 
negative electrode active material capable of inter- 
calating and deintercalating the lithium ion, and a 
nonaqueous electrolyte, 

wherein the positive electrode active material 
is hexagonal system lithium containing cobalt com- 
posite oxide having a crystallite size In a (11 0) vec- 
tor direction of 1000A or more and having halogen 
added thereto. 

2. The nonaqueous electrolytic secondary battery ac- 
cording to claim 1 , wherein the halogen has a con- 
tent of 0.001 % by mass to 5.0% by mass for a mass 
of the positive electrode active material. 



40 



50 



3. The nonaqueous electrolytic secondary battery ac- 
cording to claim 1 , wherein the hexagonal system 
55 lithium containing cobalt composite oxide having 
the halogen added thereto is lithium cobalt oxide 
having the halogen added thereto. 
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6. 
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The nonaqueous electrolytic secondary battery ac- 
cording to claim 2, wherein the hexagonal system 
lithium containing cobalt composite oxide having 
the halogen added thereto is lithium cobalt oxide 
having the halogen added thereto. 

The nonaqueous electrolytic secondary battery ac- 
cording to claim 1 , wherein the hexagonal system 
lithium containing cobalt composite oxide having 
the halogen added thereto is lithium cobalt oxide 
having the halogen added thereto, having a part of 
cobalt substituted for at least one kind of heteroge- 
neous element selected from V, Cr, Fe, Mn, Ni, Al 
and Ti, and having a molar ratio of the heterogene- 
ous element to the cobalt of 0.0001 to 0.005. 

The nonaqueous electrolytic secondary battery ac- 
cording to claim 2, wherein the hexagonal system 
lithium containing cobalt composite oxide having 
the halogen added thereto is lithium cobalt oxide 
having the halogen added thereto, having a part of 
cobalt substituted for at least one kind of heteroge- 
neous element selected from V, Cr, Fe, Mn, Ni, Al 
and Ti, and having a molar ratio of the heterogene 1 
ous element to the cobalt of 0.0001 to 0.005. 

The nonaqueous electrolytic secondary battery ac- 
cording to claim 1 , wherein the halogen is fluorine. 

The nonaqueous electrolytic secondary battery ac- 
cording to claim 4, wherein the halogen is fluorine. 

The nonaqueous electrolytic secondary battery ac- 
cording to any of claims 6, wherein the halogen is 
fluorine. 

A method of manufacturing a nonaqueous electro- 
lytic secondary battery including a positive elec- 
trode active material capable of intercalating and 
deintercalating a lithium ion, a negative electrode 
active material capable of intercalating and deinter- 
calating the lithium ion, and a nonaqueous electro- 
lyte, comprising the steps of: 

mixing a first component having a lithium com- 
pound, a second component having a cobalt 
compound, and a third component having a hal- 
ogen compound to obtain a 3-component mix- 
ture; and 

burning the 3-component mixture to have a 
crystallite size in a (110) vector direction of 
1000A or more. 



11. The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 10, 
wherein the halogen compound is added such that 
a content of a halogen component to a mass of the 
positive electrode active material is 0.001% by 



mass to 5.0% by mass. 

12. The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 10, 
wherein the halogen compound is lithium fluoride. 
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The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 11, 
wherein the halogen compound is lithium fluoride. 
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14. A method of manufacturing a nonaqueous electro- 
lytic secondary battery including a positive elec- 
trode active material capable of intercalating and 
deintercalating a lithium ion, a negative electrode 
active material capable of intercalating and deinter- 
calating the lithium ion, and a nonaqueous electro- 
lyte, comprising the steps of: 

mixing a first component having a lithium com- 
pound, a second component including a cobalt 
composite compound having a part of cobalt 
substituted for at least one kind of heterogene- 
ous element selected from V, Cr, Fe, Mn, Ni, Al 
and Ti, and a third component having a halogen 
compound to obtain a 3-component mixture; 
and 

burning the 3-component mixture to have a 
crystallite size In a (110) vector direction of 
1 000 A or more. 

15. The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 14, 
wherein the halogen compound is added such that 
a content of a halogen component to a mass of the 
positive electrode active material is 0.001% by 
mass to 5.0% by mass. 

The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 14, 
wherein the halogen compound is lithium fluoride. 

The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 15, 
wherein the halogen compound is lithium fluoride. 

A method of manufacturing a nonaqueous electro- 
lytic secondary battery Including a positive elec- 
trode active material capable of intercalating and 
deintercalating a lithium ion, a negative electrode 
active material capable of intercalating and deinter- 
calating the lithium ion, and a nonaqueous electro- 
lyte, comprising the steps of: 

mixing a first component having a lithium com- 
pound, a second component having a cobalt 
compound, a third component having a com- 
pound containing at least one kind of element 
selected from V, Cr, Fe, Mn, Ni, Al and Ti, and 
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a fourth component having a halogen com- 
pound to obtain a 4-component mixture; and 
burning the 4-component mixture to have a 
crystallite size in a (110) vector direction of 
1000Aormore. s 

19. The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 18, 
wherein the halogen compound is added such that 

a content of a halogen component to a mass of the 10 
positive electrode active material is 0.001% by 
mass to 5.0% by mass. 

20. The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim 18, 15 
wherein the halogen compound is lithium fluoride. 

21. The method of manufacturing a nonaqueous elec- 
trolytic secondary battery according to claim ig, 
wherein the halogen compound is lithium fluoride. 20 
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